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MINNEAPOLIS

Some of the results of work on the morphology and
cultural characteristics of Sporotrichum schenckii, and
the lesions produced by that organism are reported in
this paper.

Any one watching the publication of new research
work during the last two years must have been impressed
by the growing interest in sporotrichosis. Since the first
observations on the organism recovered by Schenck in
1898 from the human lesion, the number of yearly con-
tributions to the subject has progressively increased.
Within the past year an immense amount of work has
been published from all parts of the world. Among the
men who have been foremost in this line are Widal;1
DeBeurmann and Gougerot;2,3 Page, Frothingham and
Paige;4 Greco;5 Walker and Ritchie;6 Lutz and Splen-
dore;7 Kren and Schramek.8 Reports of human cases

have come in from all sides until more than a hundred
are on record.

It is interesting to note the wide-spread opinion that
many of the refractory cutaneous lesions diagnosed as

syphilitic and tuberculous are due lo infection with Ihe
sporothri.x. From the reports of human cases of pharyn¬
gitis due to this Organism and the involvement, of nearly
every organ ill some of the experimental animals conies

thé suspicion thai ils work may not, be confined lo the
superficial abscess usually caused in the human subject.
DeBeurmann, who. will) bis associates, has probably
done more systematic work' on the subject Iban any olbcr
man, states thai be believes sporotrichosis deserves an

important, place in human pathology. Moure found lhal
1 I per cent, of a series of surgical abscesses comino;
limier bis observation were due to spornt lirix infection.
The reports of spontaneous cases in rats, horses and
iniiles and one case in a dog, together with experiments
showing the saprophytic growth of the organism on

vegetables and fruits ami the successful infection of
young animals by mouth, are suggestive of the wide dis¬
tribution of the organism and of the ready opportunities
for contracting the disease.
The organism can usually lie recovered by ctirelle-

lueiit ami cultivated on artificial mediums, but is
demonstrated with difficulty in the direct preparations
in which only ihe spores have been seen.

.MOIil'IIOI.OIIV

The morphology of the Bporothrix was lirsl, described
in L898 by I!. IÎ. Schenck," who isolated it from an

abscess on Ibe arm <i< a man suffering from Ihe infec¬
tion, lie describes a delicately segmented, branched
mycélium of 1.6 to '.'.It microns in diameter, and spher¬
ical or Blightly ovoid spines. :i lo 5 microns long, show¬
ing small, unstained areas.

In 1906 DeBeurmann and Gougerol began lo publish
Ihe results of systematic work with the organism, which
they have continued up to the present time. Within the

past few months Delïeurniaim has published a review of
his work to date, one of the most comprehensive sum¬
maries of the work on this disease.1" To Schenck's
description he adds that the niycclia are curved, undu¬
lating, and usually parallel in arrangement, and that
they produce few or no lateral spores, lie also states
that the spores are scarce or often absent.

DeBeurmann has described what he believes is a new
species of spornt richuni, which has been given the specilie
name lieiinuaiiiii. Matruchot, Pinny and Yiiillciuin"'
have agreed with his conclusions. Together they base
the establishment of the species lieiinuaiiiii on the Eol-
lowing main points in which it is said to differ from
Sporotrichum Scllenckii: (a) the presence of sac-like
enlargements of the mycelium containing spherical
bodies which slain with difficulty and appeal' to be spores
(these enlargements DeBeurmann terms "chlamydo-
spores") ; (b) Ibe greater number and pedunculate
nature of the spores borne on the mycelium ; (c) the
infrequent branching of the mycelium; (d) the lack of
parallel arrangemenl of the mycelial threads described
as characteristic of Sporotrichum schenckii,; (e) the
fermentation of saccharose.
The literature shows that some confusion has been

caused by the creation of Ibis new species, which is
regarded by most American investigators as insufficiently
established, and many of the supposedly differential
points have been found in my own studies lo be incon¬
stant or altogether lacking.Contrary to Ibe experience of most, other observers,
llektoen and Perkins11 described a strain which showed
Ibe spores attached In the mycelium by short pedicles.
They gave an account, of Ihe development of the organ¬
ism with the elongation of the spore, and Ibe formation
of lateral and terminal buds which develop into niycclia
and, in turn bear both lateral ami apical spores.
Garin" has described interesting involution forms in

addition to the typical morphology.
Ripal and Dalous18 have described the manner of

mycelial development and the pedunculate nature of the
spores and have noted Ibe vacuoles and moving granules
in segments of ihe living mycelium.

Gougerot2 has given an excellent technic for Ihe culti¬
vation of Ibe organism (Sporotrichum beurmanni), ami
also for ilic diagnosis of the disease by bactériologie
examination, supplemented by serum reactions of agglu¬
tination and complement fixai ion.

Widal ami Abrami1 have described positive results
with agglutinating serums and the group reactions wilh
serums from cases of act inoinycosis.

Arndt14 bas contributed a description of Ibe clinical
manifestations of sporotrichosis and a classification of
Ihe forms of Ibe disease.
.

The following description of the form of the organism
is based on my study of a strain isolated by Dr. .lohn M.
Armstrong of St. Paul. Minn., from a case of human
infection.1'"' and a second equine strain received from
ibe University of Pennsylvania. While Ihe form of the
bacterium varies greatly on different mediums, the
unstained organism grown on dextrose glycerin agar has
been selected as typical.

The mycelium is enveloped by a thin membrane within
which are clear, cylindrical vacuoles placed usually in

*From the Department of Pathology and Bacteriology, Uni-
versity of Minnesota.
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close apposition, end to end, and occupying most, of the
mycelial thread. At each end of these bodies is usually
located a small refractóle granule. In (he old threads
ibis detail becomes obscured. The segments become
more distinct and the granules increase in number and
vary greatly in size, showing a marked dancing motion.
These dancing granules traverse the length of the seg¬
ment., suspended in its (luid contents. The growing
thread has either rounded ends or a constricted bulb-
like process, like the cone of growth of a rhi/.oid. In
old cultures segments of the mycelium, especially the
terminal segments, are often greatly expanded and show
within a thickened membrane clear, spherical bodies
resembling those in the mycelium, which remain
unstained by any of the inclinais employed. These sac¬
like enlargements of the mycelium are evidently the
bodies termed "chlamydospores" by DeBeurmann, who
holds them to be characteristic of Sporotrichum beur-
luaiini and absent in S/iiirolriehinn seheuekii. The
spores are produced laterally on the mycélium on short,
delicate,.pedicles, or in clumps at the ends of the short
branches. Free spores are numerous in the older cul¬
tures, often forming long chains without mycelial attach¬
ment. They are ovoid at lirsl but become nearly spher¬
ical after breaking away from the thread. When stained,
they present a coarsely granular body enclosed within a
well-defined membrane, which, at times, strongly resem¬
bles a capsule. This membrane can be readily demon¬
strated by suitable stains. 11. is persistent on most.
artificial mediums, anil is usually to be seen in prepara
tions made from animal tissues and pus.

Considerable variation in form and number of spores
occurs in different mediums. The most marked devia¬
tion is in bipod-serum, where the organism shows little
mycelial growth with 'the production of long, oval,
spindle-shaped spores, having clear, nnsl.¡lined terminal
areas (Fig. 1). The spores seen in sections of tissue
lesions are very similar.

MOHl'HOLOGY IN TIKSUKS

In the tissue the organisms are difficult to see after
the ordinary tissue stains, hut they can be demonstrated
clearly al the periphery of the areas of necrosis by a
modification of the Gram slain. This modification con¬

sists in steaming lor one minute with the anilin methyl
violet and counter-staining lightly with alcoholic eosin,
instead of aqueous fuchsin. The organisms are decolor¬
ized by alcohol unless beat is applied. By this method
the spores can be more easily demonstrated than by the
Gram stain used for this purpose by llckloen and
Perkins.11
The organisms in the tissue are typically cigar-shaped,

although there is found to be great variation. They arc

larger than on artificial mediums, often reaching (i to 8
microns in length. They often show transverse dark
bands, or large granules with lighter areas between, and
usually capsule-like membranes. Clear areas can usually
be seen at one or both ends.

It was found to be impossible to demonstrate the myce
limn in paraffin sections, although in one ease il was

clearly shown in direct preparations from a large abscess
in the abdominal muscles and front the testicle of a rat.
This animal was inoculated with a large subcutaneous
injection of a broth culture of the organism beneath the
skin of the back. After twenty-five days large abscesses
had formell in the abdominal muscles and in the testi¬
cles, with extensive necrosis and (he formation of large
PUS cavities, from which the mycelial forms of the
organisms were recovered. Although a filtered culture

was not used for the inoculation, yet the site of the
lesions and the length of time between the inoculation
and the examination seemed to justify the conclusion
that the mycelial threads developed in situ and were not
of extraneous origin. Hitherto the demonstration of
the mycelium in direct preparations from lesions docs
not appear to have been mentioned in the literature.
Contrary to the general experience, direct preparations
which I made were usually found to contain numerous
spores of the form described above, which were often
( Ira in-negative. '

The organism grows by the elongation of the spore,
which usually divides into two. Buds push out from
one or bol h of these new spores and grow rapidly, form¬
ing the mycélium which radiates from the center
( Fig. 2). Lateral branches form by the growth of some
of the spores borne on the mycelium. Their pedicles
lengthen and thicken and the branches push out at right
angles to the parent thread. No evidence of the parallel
manner of growth described by DeBeurmann could be
seen.

For photographing the living organism and demon¬
strating its modes and stages of growth a combination
of the hanging agar block and India ink methods has
been devised and described by ihe in a previous papel'.10

STAINING CHARACTERISTICS
The spores and young mycelia from artificial mediums

are (irain-positive ami acid-fast in many cases. The
mycelia stain irregularly, and occasionally the deeplystaining, spherical bodies mentioned by I'age, Frolhing-
hain and Paige can be noted al intervals. Tin1 capsule-
like membranes are not shown by Ibis method. Azure,
l.oclllcr's incllivlcne-blue and Hietnsa's slains give good
results, but also fail to differentiate the membranes.
Methyl thionin in saturated solution and Wright's stain

Pig. 1.—Six-day culture from blood-serum (stained with methyl
lliliniili l. showing numerous elongated spores and isolated segments
of the mycelium (from nnoto&Tanu),

Fig. 2. Growing organism (Indie ink and IuhikIh^ agar block
method, described in a previous article for which see [footnote L6Jshowing Individual plants and method oi branching (from
photograph).

16. Taylor, K.: The Journal A. M. A., Aug, 10, 1912, p. 441.
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are especially suitable for this organism. Of these two
the formel' is the more satisfactory. Wry good results
are obtained by staining for one. minute in this stain. The
membranes are clearly shown, stained faintly blue. The
spores stain a deep blue, the young niycclia a paler tint,
while the old mycelia and the so-called chlamydospores
take on a rich brown. Wright's stain gives a similar poly¬
chromatic result, but much slighter in degree. India
ink smears or His' stain also demonstrate the capsule¬
like membrane.

CULTURAL CIIAHACTKIIISTICS
The organism was grown on thirty different mediums.

In general the growth on routine mediums corresponds
with the descriptions given by DeBeurmann and others.
A few points may be emphasized or added. The observa¬
tions, with few exceptions, were made on five-day
cultures.

On plain agar the growth is white, beaded and fili¬
form, coriaceous, but with a viscid surface.

On glycerin agar the growth is more rapid and beauti¬
fully echinulate. In the broths growth is slow with the
formation of rings, or glistening, fiocculent masses, like
snow crystals. The fluid remains clear. In glycerin
broth a white, mold-like, coherent mass is formed.

On blood-serum the growth is slow, beaded and. closely
adherent to the surface of the medium.
Milk is coagulated with slight acid after fourteen days.
Dextrose is fermented after fourteen clays.
Maltose, lactose, saccharose and mannite are not fer¬

mented within fourteen days.
No indol is formed in fourteen days' growth in pep¬

tone solution.
The organism fails to liquefy gelatin within fourteen

days.
No growth occurs on Endo's agar or Conradi-

Drigalski, or malachite green medium.
Slow growth takes place on neutral-red agar and

broth, with no change in the reaction of either medium.
The addition of 1 per cent, acetic or citric acid to the

amount of one drop per cubic centimeter of medium, or
the addition of dextrose to the medium, stimulates
growth.
Alkalinity of the medium retards growth. Sodium

chlorid in considerable amounts fails to produce appre¬
ciable effect.

I'ATIIOGENESIS

Sehende succeeded in infecting dogs and white mice
with his strain of sporothrix. In four dogs he produced
small local abscesses at the site of inoculation, from
some of which he recovered the organism. White mice
he found more susceptible. In several of these he pro¬
duced small areas of focal necrosis in the liver and lungs
by intraperitoneal inoculation, and found fragments of
the spores in the lymph-nodes. Rabbits and guinea-pigs
proved resistant.

Page, Frothicgham and Paige" infected mice and
white rats with a strain of Sporotrichum sehenelrii
recovered from horses suffering from lymphangitis
epizoótica, a disease generally believed lo be caused by
this bacterium. They recovered sporothrix from the
lesions. They also reported that fragments of the spores
could be seen in paraffin sections of the tissues. Rabbits
and guinea-pigs proved resistant.

Widal ami Ahrami,1 with another strain, we're able to
show definitely the presence of the spores in the tissue.
Rabbits and guinea-pigs were the animals used in their
experiments.

Kren and Schranick," in experiments on rats and dogs,found that nearly all the organs in the body might be
affected, hut they failed lo iind the spores in smears from
the tissues and rarely in paraffin sections of the tissues
themselves.

Eektoen and Perkins," Bonnet,1' Pinoy ami
Magriiu'" and others have inoculated animals and
described the reactions following. Considerable varia¬
tion has been found in the susceptibility of the various
laboratory animals.

DeBeurmann has described the form of the sporothrix
in the tissues and Ibe tissue reactions. The form he
described as an oval spore-like body, but believed it to be
a modification of the mycélium, and not the true spore.
The tissue reaction he gave in detail. Briefly, he found
Ihe lesions to show three zones: first, a central small
abscess containing the bacteria and a mass of pus cells
and necrotic material; next, a zone of epithelioid and
giant cells; and third, a peripheral lihi'oecllular zone
with infiltration of polymorphonuclear cells and connec¬
tive tissue proliferation. In add it inn he has succeeded
in growing the organism as a saprophyte on vegetables,
fruits and insects.
The strain isolated by Dr. Armstrong produced the

disease in three of our guinea-pigs and twelve rats.
From two of the guinea-pigs and six of the rats the
bacterium was later recovered, grown in artificial
mediums and identified. The other six rats showed the
gross lesions, but the organism was not recovered nor-
seen in the direct preparations from the lesions of the
three which were killed. The other three recovered. In
none of the animals was the disease fatal, although
nearly all showed gross lesions and marked cachexia,
Subcutaneous, inl raperitoneal and inl ratest icular inocu¬
lations vvcre used. The latter proved most reliable.
Three rats which failed to develop symptoms after

the first subcutaneous inoculation, consisting of 2 c.c.
of a six-day broth culture, which was effective in most
cases, were reinoculated three weeks later in the perito¬
neum with three times that amount of a similar culture.
All three animals failed to develop signs of sporotrichal
infection, nor could any internal lesions be found when
the animals were killed, after four weeks. Another rat,
which had been inoculated and had developed subcu¬
taneous abscesses, was reinoculated three months after
all the lesions had healed with a large amount of a six-
day broth culture of Ihe organism. This animal also
failed to show any signs of reinfection.

I'VTIIOI.OOY
In nearly all of the animals abscesses discharging

externally appeared within twenty-one days: in some,
numerous small abscesses of the peritoneum, and in one,
a large abscess in the abdominal muscles. The testicles,
in these experiments, usually showed marked swelling,
inflammatory adhesions to the tunica, and abscesses
which ultimately discharged through the skin. On sec¬

tion, a thick, yellow pus was evident. The microscopicpicture showed extensive edema and necrosis involving
sometimes the whole organ. The cpididymis was
affected by a process similar to that in the testicle. The
bladder was usually distended with a purulent fluid.
The spleen and lymph-nodes were enlarged and some¬
times showed focal necroses, with increased eosinophil
and polymorphonuclear cells.

The muscular abscesses showed great, necrosis and
extensive edema and dégénérai ion of the surrounding

17. Bonnet, L. M.: Rev. de m\l=e'\d., 1911, p. 99.
18. Pinoy and Magrou : Compt. rend. Soc de biol., 1911, lxxi, 387.
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muscle. The cellular infiltration was similar to that in
other locations, small mononuclear cells predominating.

Abscesses of the peritoneum and especially in the
mesentery were of common occurrence after intraperito-
ncal inoculation.

In general, the lesions may be described as granuloma-
tous. There is usually a central area of necrosis, sur¬
rounded by a zone of dense cellular infiltration, the pre¬
ponderating cells being polymorphonuclear in type.
About this zone is an extensive area showing congestion,
hemorrhage, infiltration of large cells with eccentric
vesicular nuclei and homogeneous eosinophilic cytoplasm.
There is also in til trat ion of large numbers of small mono-
nuclear cells and eosinophils. Marked proliferation of
connective tissue is shown in this region, and giant cells
are of frequent occurrence. The spores of the organism
are demonstrated in nearly every case by the mod i lied
Gram stain described above. The spores prove to be
distributed throughout the lesions, but are usually most
numerous and most easily found at the periphery of the
necrotic area.. They are usually intercellular. The
mycelium could not be conclusively demonstrated in
paraffin sections.

SUMMARY

The following observations made in connection with
the present study may be briefly formulated again, as
follows:

1. The spores of the organism were attached to the
mycelia by short pedicles.

2. So-called ehlamydospores were of frequent occur¬
rence.

3. Spores, similar in form to those grown on blood-
serum, could usually he demonstrated in paraffin sec¬

tions of the tissue lesions, and shown in most cases in
direct preparations from the abscesses.

4. In one case it appeared that mycelial growth took
place in the necrotic tissue at the center of a large
abscess caused by the organism.

5. Methyl thionin proved best for staining the organ¬
ism grown on artificial médiums, and a modification
of Gram's stain most satisfactory for its demonstration
in the tissues.

(i. The organism failed to liquefy gelatin after six
weeks' growth at room temperature.

7. Milk was coagulated after two weeks' growth al.
room temperature.

8. Some hint of the possibility of producing an

immunity in animals by previous injection of small
doses of pure culture may perhaps be based on these
observations. There is however insufficient basis for
any definite statement.
I wish in conclusion to express my thanks to Dr. W. P. Lar¬

son of the University of Minnesota for his valuable criticism
of this paper.
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PYELOTOMY FOR THE REMOVAL OF
RENAL CALCULI *

DANIEL N. EISENDRATH, M.D.
CHICAGO

In the removal of calculi from the kidney we aim
to do as little damage as possible to the secreting struct-
ure. The first to suggest removal of calculi through an
incision along the convex (outer) border of the kidney
was Henry Morris, in 1880. For many years this was
the only method in general use and the term "neph-
rotomy" was applied to it, no matter whether the incision
was only large enough to introduce the index-finger or
whether the incision bisected the kidney in the same
manner as we open it at autopsy. With the develop-
ment of radiographic technic, a new era began and the
ability to determine accurately the location, form, size
and number of calculi in the kidney made it unnecessary
to remove every calculus, no matter what its size or
location might be, through a nephrotomy incision. The
demand for some other method, especially for smaller
calculi located in the renal pelvis, became especially
urgent when reports of postoperative bleeding and other
sequelae of nephrotoniv begun to accumulate.

SI range to say, the removal of calculi through an
incision into the renal pelvis, technically termed a

pyelotomy, was suggested by Czerny in the same year
that Morris first performed nephrotomy. The opera¬
tion of pyelotomy was employed rarely, however, until
within recent years. French surgeons have been the
most enthusiastic advocates of the method, and thus
pyelotomy has gradually again attained the important
position which, in my opinion, it deserves as the method
of choice in the removal of renal calculi. Of late, reports

* Read at the meeting of the Western Surgical Association, Dec.
20. 1912.
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